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of patients implanted with
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zotarolimus-eluting stent
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Abstract
Objective: To evaluate the 1-year clinical outcomes of patients who received the Resolute
OnyxTM stent.
Methods: This was a single-centre, retrospective registry analysis that reviewed the clinical data
from all patients who were implanted with a Resolute OnyxTM stent between March 2015 and
February 2016. Clinical follow-up was performed at 1 year post-implantation.
Results: A total of 252 patients received a Resolute OnyxTM stent and two patients were lost to
follow-up. The mean age of the cohort was 66.9 years and 113 (45.2%) had diabetes mellitus.
Thirty-eight patients (15.2%) had left main disease and 73 (29.2%) had three-vessel disease. A total
of 175 patients (70.0%) had small vessel disease (<2.75mm) and 210 (84.0%) had long lesions
(>20mm). The 1-year target lesion failure was 4.4% (11 of 250), cardiovascular death occurred in
eight patients (3.2%), ischaemia-driven target lesion revascularization was undertaken in five
patients (2.0%) and stent thrombosis occurred in one patient (0.4%).
Conclusion: The Resolute OnyxTM stent showed a favourable 1-year clinical performance in a
real-world population.
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Introduction
Drug-eluting stents (DES) are widely used
for the treatment of obstructive coronary
artery disease. Despite concerns related to
very late stent thrombosis associated with
ﬁrst-generation DES, continuing advance-
ment in stent design, polymer and drug-
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eluting technology has improved the eﬃcacy
and safety of second-generation DES.1,2 The
ResoluteTM Integrity zotarolimus-eluting
stent (R-ZES; Medtronic Inc., Santa Rosa,
CA, USA) has been extensively studied in
the Resolute Global Clinical Program,3
which demonstrated favourable clinical out-
comes in an all-comer population. The latest
version of R-ZES, Resolute OnyxTM, was
launched in November 2014. This study
investigated the 1-year clinical outcomes of
patients who had received this new
technology.
Patients and methods
Study design and population
This was a single-centre retrospective
registry analysis. From the launch of
Resolute OnyxTM, all patients treated in
the Division of Cardiology, Queen Mary
Hospital, University of Hong Kong, Hong
Kong who had been ﬁtted with a Resolute
OnyxTM stent between March 2015 and
February 2016 were identiﬁed in the hospital
database and recruited to the analysis. There
were no exclusion criteria except patients
lost to follow-up or those who could not
be contacted for assessment at 1 year after
stent implantation. Baseline demographics,
procedural details and follow-up data
were recorded. All treatment and clinical
decision-making processes were subject to
the attending cardiologists.
The study was approved by the
Institutional Ethics Committee of Queen
Mary Hospital, University of Hong Kong,
Hong Kong (no. UW 17-026). Written
informed consent was waived by the
Institutional Ethics Committee as this was
a retrospective analysis without any alter-
ation in patient management.
Study endpoints
The primary endpoint was 1-year target
lesion failure (TLF), deﬁned as a composite
of cardiac death, myocardial infarction
(not clearly attributed to a non-target
vessel), or a clinically indicated target
lesion revascularization by percutaneous or
surgical methods at 12 months. All clinical
outcomes were deﬁned according to the
Academic Research Consortium (ARC).4
Deaths were considered cardiac unless an
unequivocal non-cardiac cause could be
established. Secondary endpoints included
individual components of the primary out-
comes: target vessel myocardial infarction;
clinically-driven target lesion revasculariza-
tion (TLR), deﬁned as repeat revasculariza-
tion within the stented segment including
5mm proximal and distal border zones;
clinically-driven target vessel revasculariza-
tion (TVR) and stent thrombosis deﬁned
according to the ARC as deﬁnite, probable,
or possible.4 A revascularization was con-
sidered clinically-driven if repeat angiog-
raphy showed a diameter stenosis 50%
with at least one of the following: (i) history
of recurrent angina pectoris, presumably
related to the target vessel; (ii) objective
signs of ischaemia at rest or during exercise
test by electrocardiogram, presumably
related to the target vessel; (iii) abnormal
test results of invasive functional diagnostic
test (fractional ﬂow reserve); or (iv) a TLR
with a diameter stenosis 70% even in the
absence of the aforementioned ischaemic
signs or symptoms.
Study device
Resolute OnyxTM (Medtronic Inc., Santa
Rosa, CA, USA) is a zotarolimus-eluting
stent designed for higher procedural success
and better acute performance. The design is
based on its predecessor, the ResoluteTM
Integrity drug-eluting stent, which was
extensively studied in the Resolute Global
Clinical Program.3 In brief, the stent is
manufactured using continuous sinusoid
technology that employs a single strand of
wire to form a sinusoidal pattern of crowns,
458 Journal of International Medical Research 46(1)
which is laser fused at selected crowns. This
distinctive wire-forming facilitates smooth
tracking in tortuous vessels and allows
excellent conformability.5 The drug polymer
BioLinx is highly biocompatible with a
hydrophilic surface designed to minimize
inﬂammation.6 The polymer elutes the drug
zotarolimus, which is a synthetic analogue
of sirolimus, over 180 days, with >85% of
the zotarolimus dose released by day 60.7
The latest version Resolute OnyxTM utilizes
core-wire technology in which the cobalt
alloy incorporates a platinum iridium core
for increased radiopacity. Moreover, the
strut thickness is further reduced to 81 mm
(0.0032 inches) with maintained radial
strength and the crossing proﬁle is
0.037mm for the 2.5mm stent. The
Resolute OnyxTM stents used in patients
included in this registry study ranged from
2.0mm to 5.0mm diameters and the stent
lengths were up to 38mm.
Statistical analyses
All statistical analyses were performed
using the SPSS statistical package, version
19.0 (SPSS Inc., Chicago, IL, USA) for
Windows. Continuous variables are as
meanSD. Categorical values are pre-
sented as absolute values or percentages.
Comparison of continuous data was per-
formed by one-way analysis of variance,
Mann–Whitney U-test or independent-
samples t-test depending on data distribution.
2-test and Fisher’s exact test were used
to compare categorical data. A two-sided
P-value of0.05 was considered statistically
signiﬁcant.
Results
From March 2015 to February 2016, 252
patients were implanted with Resolute
OnyxTM stents. Two patients were lost to
follow-up, so 250 patients completed the
1-year assessment and were entered into this
analysis. A total of 577 Resolute OnyxTM
stents were implanted. Baseline demograph-
ics are presented in Table 1; 89 patients
(35.6%) had type 2 diabetes mellitus
(T2DM), 24 (9.6%) had type 1 diabetes
mellitus and 21 patients (8.4%) with end-
stage renal failure (ESRF) were on dialysis
(haemodialysis and peritoneal dialysis).
Interventional procedures and lesion details
are presented in Tables 2 and 3, respectively.
A total of 83 patients (33.2%) presented
with acute coronary syndrome including ST
elevation myocardial infarction and eight
patients (3.2%) had cardiogenic shock. With
regard to lesion characteristics, 38 patients
(15.2%) had left main involvement,
73 (29.2%) had three-vessel disease; and
175 (70.0%) had small vessel diseases
with Resolute OnyxTM 2.5mm (n¼ 164),
2.25mm (n¼ 111) and 2.0mm (n¼ 42)
stents implanted. At 1 year, 228 of 239
surviving patients (95.4%) were on dual
antiplatelet therapy.
Table 1. Demographic and clinical characteristics
of patients who were implanted with Resolute
OnyxTM stents between March 2015 and February
2016.
Characteristic
Cohort who received
Resolute OnyxTM
stents n¼ 250
Age, years 66.9 10.7
Sex, males 185 (74.0)
Type 2 diabetes mellitus 89 (35.6)
Type 1 diabetes mellitus 24 (9.6)
Hypertension 166 (66.4)
Previous myocardial
infarction
38 (15.2)
Previous percutaneous
coronary intervention
88 (35.2)
Previous coronary
bypass grafting
10 (4.0)
End stage renal failure
on dialysis
21 (8.4)
Data presented as mean SD or n of patients (%).
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Table 4 shows the 1-year clinical out-
comes. The primary endpoint of 1-year TLF
was observed in 11 patients (4.4%). One
patient suﬀered from ARC probable
subacute stent thrombosis. When patients
were stratiﬁed according to vessel size, the
demographics and 1-year clinical outcomes
were similar for patients with and without
small vessel disease (Table 5). Of the 21
patients with ESRF who were receiving
dialysis during the index procedure, ﬁve
patients (23.8%) suﬀered from TLF within
1 year.
Discussion
To the best of our knowledge, this is the ﬁrst
report of the medium-term clinical perform-
ance of the latest evolution of R-ZES, the
Resolute OnyxTM stent. These present data
demonstrated that the Resolute OnyxTM
stent achieved similar eﬃcacy and safety
compared with most contemporary DES
with a 1-year TLF rate of 4.4%.1 In the
Resolute All Comers trial,8 the Resolute
zotarolimus-eluting stent and an everoli-
mus-eluting stent had 1-year TLF rates of
8.2% and 8.3%, respectively. Although this
current retrospective registry has its inherent
limitations, this post-marketing study
allowed the analysis of all patients including
Table 2. Procedural characteristics of patients
who were implanted with Resolute OnyxTM stents
between March 2015 and February 2016.
Procedural characteristic
Cohort who received
Resolute OnyxTM
stents n¼ 250
STelevation myocardial
infarction
22 (8.8)
Non-ST elevation
myocardial infarction/
unstable angina
61 (24.4)
Stable angina 167 (66.8)
Cardiogenic shock 8 (3.2)
Class III/IV heart failure 11 (4.4)
Left ventricular ejection
fraction <35%
22 (8.8)
Intravascular image
guided intervention
(intravascular ultrasound/
optic coherence
tomography)
96 (38.4)
Data presented as n of patients (%).
Table 4. The 1-year clinical outcomes of patients
who were implanted with Resolute OnyxTM stents
between March 2015 and February 2016.
Clinical outcome
Cohort who received
Resolute OnyxTM
stents n¼ 250
Target lesion failure 11 (4.4)
Target vessel failure 13 (5.2)
Cardiovascular death 8 (3.2)
Target vessel myocardial
infarction
5 (2.0)
Clinically-indicated target
lesion revascularization
5 (2.0)
Clinically-indicated target
vessel revascularization
7 (2.8)
Stent thrombosis
(definite/probable)
1 (0.4)
Data presented as n of patients (%).
Table 3. Lesion characteristics of patients who
were implanted with Resolute OnyxTM stents
between March 2015 and February 2016.
Lesion characteristic
Cohort who received
Resolute OnyxTM
stents n¼ 250
Left main disease 38 (15.2)
One-vessel disease 84 (33.6)
Two-vessel disease 93 (37.2)
Three-vessel disease 73 (29.2)
Small vessel <2.75mm 175 (70.0)
Long lesion >20mm 210 (84.0)
Chronic total occlusion 29 (11.6)
In-stent restenosis 34 (13.6)
Bifurcation (two stents) 11 (4.4)
Data presented as n of patients (%).
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those with ultra-high-risk characteristics.
For example, this current cohort included
patients with cardiogenic shock, patients
with ESRF receiving dialysis, a high pro-
portion of patients with T2DM and even
patients who presented with cardiac arrest
requiring haemodynamic support. This cur-
rent cohort reﬂects real-world coronary
intervention practices, which is diﬃcult to
study in prospective randomized clinical
trials. In this present study, many of the
TLFs occurred in those ultra-high-risk
patients and this further provides insight
into the use of the Resolute OnyxTM stent in
a real-world population.
In the present study, 45% of patients had
diabetes mellitus and 70% had small vessel
disease. Small vessel stenting has tradition-
ally been associated with higher rates of
restenosis and repeat revascularizations.9,10
The degree of neointimal proliferation is
relatively independent of the reference vessel
size and hence the proportion of cross-
sectional luminal narrowing is higher in
small vessels compared with large vessels.11
The problem is further complicated by the
presence of T2DM that predisposes to
neointimal hyperplasia while patients with
T2DM tend to have diﬀuse small vessel
disease.12 These current data suggest that
the Resolute OnyxTM stent had similar
outcomes in small and large vessel diseases,
which is similar to its predecessor stent as
demonstrated by the Resolute Global
Clinical Program small vessel subgroup
analysis.13 Even in ultra-small vessels
implanted with a 2.0mm Resolute OnyxTM
stent, the results were satisfactory and fur-
ther studies will be required to investigate
the optimal treatment of ultra-small vessel
diseases.
Of the patients in the current study who
experienced TLF within 1 year, a signiﬁcant
proportion were patients with ESRF receiv-
ing dialysis (ﬁve of 11 patients). Chronic
kidney disease (CKD) is known to be
associated with increased mortality and
morbidity from coronary artery disease.14
Particularly in those with ESRF on dialysis,
who are frequently excluded from clinical
trials, treatment failures are common after
revascularization no matter whether percu-
taneous coronary intervention (PCI) or cor-
onary bypass grafting are performed.15 Even
with second-generation DES, the 1-year
TLF rate approached 15% and more than
30% needed repeat revascularization in
longer term follow-up.16–18 In this current
registry, ﬁve out of 21 ESRF patients (24%)
suﬀered from TLF within 1 year, which is
quite a high proportion. With the aging
population, increasing prevalence of T2DM,
CKD and better renal support, the incidence
of coronary artery disease in patients
with ESRF is set to increase. Further
advancements in coronary revascularization
technology including PCI and stenting is
Table 5. Comparison of patients with or without
small vessel disease who were implanted with
Resolute OnyxTM stents between March 2015 and
February 2016.
Characteristic
Patients
with
small vessel
disease
n¼ 175
Patients
without
small vessel
disease
n¼ 75
Age, years 67.2 10.3 66.3 11.5
Sex, males 132 (75.4) 53 (70.7)
Diabetes mellitus 82 (46.9) 31 (41.3)
Target lesion failure 8 (4.6) 3 (4.0)
Target vessel failure 10 (5.7) 3 (4.0)
Cardiovascular death 7 (4.0) 1 (1.3)
Target vessel
myocardial
infarction
3 (1.7) 2 (2.7)
Target lesion
revascularization
3 (1.7) 2 (2.7)
Target vessel
revascularization
5 (2.9) 2 (2.7)
Stent thrombosis
(definite/probable)
1 (0.6) 0 (0.0)
Data presented as mean SD or n of patients (%).
No significant between-group differences (P> 0.05).
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imminently needed to address this future
healthcare demand.
This study had several limitations. First,
a lack of a control group prevents compari-
son with other stents. Secondly, the small
sample size and low event rates render
conclusive outcome and independent pre-
dictor analyses diﬃcult. Furthermore, the
retrospective study design was subject to
selection bias, although it allowed recruit-
ment of a real-world PCI practice cohort
and only two patients were lost to follow-up.
In conclusion, the Resolute OnyxTM stent
showed a favourable 1-year clinical per-
formance in a real-world population.
Declaration of conflicting interests
Hung Fat Tse received consulting fees from
Medtronic. The other authors declare that there
are no conﬂicts of interest.
Funding
This research received no speciﬁc grant from any
funding agency in the public, commercial or not-
for-proﬁt sectors.
References
1. Bangalore S, Kumar S, Fusaro M, et al.
Short- and long-term outcomes with drug-
eluting and bare-metal coronary stents: a
mixed-treatment comparison analysis of 117
762 patient-years of follow-up from rando-
mized trials.Circulation 2012; 125: 2873–2891.
2. Stone GW, Rizvi A, Newman W, et al.
Everolimus-eluting versus paclitaxel-eluting
stents in coronary artery disease. N Engl J
Med 2010; 362: 1663–1674.
3. Yeh RW, Silber S, Chen L, et al. 5-year safety
and efficacy of Resolute zotarolimus-eluting
stent: the RESOLUTE Global Clinical Trial
Program. JACC Cardiovasc Interv 2017; 10:
247–254.
4. Cutlip DE, Windecker S, Mehran R, et al.
Clinical end points in coronary stent trials: a
case for standardized definitions. Circulation
2007; 115: 2344–2351.
5. Turco MA. The Integrity bare-metal stent
made by continuous sinusoid technology.
Expert Rev Med Devices 2011; 8: 303–306.
6. Hezi-Yamit A, Sullivan C, Wong J, et al.
Impact of polymer hydrophilicity on bio-
compatibility: implication for DES polymer
design. J Biomed Mater Res A 2009; 90:
133–141.
7. Udipi K, Chen M, Cheng P, et al.
Development of a novel biocompatible
polymer system for extended drug release in
a next-generation drug-eluting stent.
J Biomed Mater Res A 2008; 85: 1064–1071.
8. Serruys PW, Silber S, Garg S, et al.
Comparison of zotarolimus-eluting and
everolimus-eluting coronary stents. N Engl J
Med 2010; 363: 136–146.
9. Hsieh IC, Chien CC, Chang HJ, et al. Acute
and long-term outcomes of stenting in cor-
onary vessel >3.0 mm, 3.0-2.5 mm, and <2.5
mm. Catheter Cardiovasc Interv 2001; 53:
314–322.
10. Su¨selbeck T, Latsch A, Siri H, et al. Role of
vessel size as a predictor for the occurrence of
in-stent restenosis in patients with diabetes
mellitus. Am J Cardiol 2001; 88: 243–247.
11. Foley DP, Melkert R and Serruys PW.
Influence of coronary vessel size on renar-
rowing process and late angiographic
outcome after successful balloon angio-
plasty. Circulation 1994; 90: 1239–1251.
12. Abizaid A, Kornowski R, Mintz GS, et al.
The influence of diabetes mellitus on acute
and late clinical outcomes following coron-
ary stent implantation. J Am Coll Cardiol
1998; 32: 584–589.
13. Caputo R, Leon M, Serruys P, et al.
Performance of the resolute zotarolimus-
eluting stent in small vessels. Catheter
Cardiovasc Interv 2014; 84: 17–23.
14. Cai Q,Mukku VK and AhmadM. Coronary
artery disease in patients with chronic kidney
disease: a clinical update. Curr Cardiol Rev
2013; 9: 331–339.
15. Shroff GR, Solid CA and Herzog CA.
Long-term survival and repeat coronary
revascularization in dialysis patients after
surgical and percutaneous coronary revas-
cularization with drug-eluting and bare
metal stents in the United States. Circulation
2013; 127: 1861–1869.
462 Journal of International Medical Research 46(1)
16. Aoyama T, Ishii H, Toriyama T, et al.
Sirolimus-eluting stents vs bare metal stents
for coronary intervention in Japanese
patients with renal failure on hemodialysis.
Circ J 2008; 72: 56–60.
17. Bangalore S, Guo Y, Samadashvili Z, et al.
Revascularization in patients with multives-
sel coronary artery disease and chronic
kidney disease: everolimus-eluting stents
versus coronary artery bypass graft surgery.
J Am Coll Cardiol 2015; 66: 1209–1220.
18. Lee JM, Kang J, Lee E, et al. Chronic kidney
disease in the second-generation drug-eluting
stent era: pooled analysis of the Korean
Multicenter Drug-Eluting Stent Registry.
JACC Cardiovasc Interv 2016; 9: 2097–2109.
Tam et al. 463
